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POLYPEPTIDES OF FELINE 
T-CZLL LYMFHOTROFIC LENT I VIRUS 
Backcrour.d cf the Invention 
This application is a ^ccr.t inuation-in-part of 
O'Connor et al . , Application Serial No. 348 , 784* fi led 
1989 entitled Polypeptides of Feline T-Cell 
Lymphctrophic Lentivirus which is a continuation-in-part 
of O'Connor et al . , Application Serial No. 293.906. 
filed January 5, 1989. entit.ed "Monoclonal Antibodies 
to Feline-T-Lyn-.phctropic lentivirus", which is a 
continuation-in-part cf O'Connor et al . , Apriicaticn 
Serial Nc . 279,989, filed Decertoer 5, 1983*." entitled 
"Mor.ccicr.al .Antibodies to Feiine-T-Lyn-.chctrccic 
Lentivirus", the whole of which (including drawings) are 

_\ _.._c.por atec by rererence herein. 

This invention relates to purification cf 
polypeptides frcm feline T-cell lvnohotroo- c 'o— v <-., s 
(FIV). 

"IV is a retrovirus originally isolated from 
cats which exhibit an AIDS-iike syndrome. Pederscn et 
al.. 22 5 Science 790. 1987. The virus belongs tc the" 
sa.r.e group as the human immunodeficiency virus (HIV), 
the causative agent of human AIDS. Pederson et al . 
describe detection of antibody to FIV by an 
ir^unofluorescent assay, and by Western blots, using 
virus purified by centr if ugaticr. cn sucrose gradients in 
Tris base, pH 7.4, containing 0 . l.M NaCl and lm." ZDT^ A 
few protei, bands were detected and. althouch antigenic 
ccr.canscn was r . ade . the ?osi - ioRS cf _ hese 
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er.dcr.uc lease protein, p32, of HIV. 

Pederson et ai.. U.S. Patent Application Filed 
August 26, 1987 entitled "Feline T-Lympho tropic 
Ler.tivirus" (which is not admitted to be prior art to 
the present application) describes the results presentee 
by Pederson et al-. . supra , and states that Western 
blotting of FIV infected cell lysates yielded major 
F^otein bands at approximately 22-25 kD, usually about 
24 kD; 50-60 kD . usually about 55 kD; and 28-36 kD, 
usually about 32 kD . 

SUiT.ua rv cf the Invent ion ' 
In a first aspect, the invention features a 
purified polypeptide having an epitope of an antigenic 
pc -/peptide cf FIV. The polypeptide may be glycosylated 
or unciyccsylated. 3y antigenic polypeptide is meant a 
polypeptide which is able to raise (with the aid cf an 
ac;uvar.t if necessary) an antibody response in cats. 
The polypeptide may be a polypeptide fragment of at 
least 5 amino acids, or a polypeptide naturally 
occurring in FIV particles. The fragment may be 
obtained from a naturally-occurring polypeptide! for 
example, by enzymatic digestion cf a naturally occurrinc 
polypeptide, or may be produced by isolation or 
synthesis of a gene encoding a desired polypeptide and 
expression of that polypeptide within a desired 
expression system, for example, a bacterial, yeast, or 
mammalian expressicn system. 

3y epitope is meant a single antigenic site cf 
an antigenic pciypeptice. Such an epitope is recognized 

see:;: :ca' 'v "v ^> — ■ _ _ : - 

pc 1 voer t i de c: :'V 

- ~ ^ - - => ...crc... _.c_ me r;c . vre^; ide is 

separated £ rom crher cell ccrcc-^— 3 v--- • -v— ^ 
naturally occurs, fcr exs-ple. FZV ?ciypepzides . 
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Preferably, the polypeptide is sufficiently pure tc 
perr.it its use to prepare a monoclonal antibody to the 
polypeptide, and even more preferably, pure enough to 
allow the amino acid sequence of the polypeptide tc be 
determined by standard procedure. Generally, the 
purified polypeptide is biologically active in that it 
is suitable for preparation cf a nonocional antibody, or 
is suitable for detection of naturally-occurring 
antibodies within the serum of a cat. 

In preferred embodiments , the purified 
polypeptide has at least 75% amino acid homology to a 
polypeptide fragment cf at least 20 amino acids obtained 
fro~ an FIV cac or env polypeptide, most preferably the 
purified polypeptide includes an amino acid sequence 

. navir.g at least lz\ homology to a whole cf a cac cr env 
polypeptide, even more preferably, the purified 
polypeptide is an entire oag cr env amino acid 
sequence. Examples cf cac and env polypeptides include 

- plO, pis, p26. gp40, cploo, and cp!30. 

In a second aspect, the invention features a 
method for detecting an antibody to FIV within a sample, 
including the steps cf providing a purified polypeptide 
as described above, and contacting that polypeptide 
under conditions suitable to allow an 

antibody/pclypeptide complex to form between antibodies 
within the sample and the purified polypeptide, and 
detecting the formation of such complexes. The oresence 
of antibody/pclypeptide complexes is indicative cf 
antibody to FIV present vi--i- -~ e samole. 

In a third aspect, the invention features a 
purified nucleic acid including a 50 nucleotide secuence 
havmg a- : eas£ - o ZS ; :c - c ; cry vi - ; - . lQ nucier - iie 

sequence naturally occurring i- an FIV particle. ' 3v 
purified is meant that the nucleic acid is substantially 
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separatee away frc- all of the component 5 with which it 
naturally occurs, e.g., polypeptides and other nucleic 
acids. Preferably, zhe nucleic acid is completely 
separated from such components.' and is a pure solution 
cf nucleic acid, or is held within a cell'in which it 
does net naturally occur, e.g. a bacterial cell, another 
viral particle or a non-feline eu: iryotic cell. By 90% 
home i cry is meant that the nucleotide sequence is * 
identical at at least 45 cf the 50 nucleosides. 

Ir. pre: erred er.bcdimer.ts, the nucleic acid 

encodes a aoiv^er:'d° ^ -c '• ; = 

-- g an epitope c; an 

----- - - J ■ e. r .. an epitope or a caa 

or er.v tel vr° — ; no — - ~-\r u ~ - •- 

-^-..r-- w. _.v. Most prererao.v tne r.uc'e ; - 

acid is carried in an expression vector and can be " " 

expressed in a bacterial, fungal C r other eucarvctic- 

cell, e.g., a r,a.Tna!iar. ceil. 

- n £ rela "=d aspect the invention features 

purified to 1 vr°o- ; ^.3 ^ ;„ _ 

- - - n ' -en cr more contiguous 

amino acids taker, frorr. the seg-uer.ee (using standard 

20 letters to represent amino acids) 

V-Q-S-X-G-S-G-?-V-C-?-N-c-:<-S-?-G-K-L-A-a-Q-S-K cr 

?-:-C-7-V-n-g-V-?-c-Y-v-a-1-d- = -:-;-m-V-S c~ 
S-V-Q-S-R-G-Q-G-P-V-.-.-r-N. 



Applicants have provided polypettides suitable 
for specific detection of FIV antibodies and thus have 
allowed accurate detection of infection wi-_h FIV . 
Applicants have also provided polypeptides useful for 
procuction of vaccines to prevent diseas- caused bv FIV 



1 n cats. 

30 Other features an 

will be arra- 



acvar.^ages cf the invent ior 
t rrorr. tne fcllcvir.r descritticn cf = 



:re:erred e.-nced i.r.ent t~ = -<=>-- = ----- _- a „- ■ 

-.1 . . w - e c .a:r?.s. 
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Description cf the Preferred Embodiments 

The drawings will first briefly be described. 

Drawjr.cs 

Fig. l is a photograph cf the. major viral 
associ, ed proteir.s of FIV identified by polyacrylamide 
gel electrophoresis (PAGE) and stained with Coranassie 
5 Blue R250 (lane A); molecular weight standards are shown 

ir. lane 3; 

Fig. 2 is a photograph of a Western irrmunoblct 
analysis of antibodies tc FIV found in serum fro*, cats 
• identified as positive by an ZLISA assav for FIV 
!0 antibodies; 

Fig. 3 is a graphical representation of eiuticn 
cf FIV polypeptides during K?LC purification: 

Fig. 4 is a photograph cf an SDS-polyacryla.-ice 
gel after electrophoresis and staining with silver, 
showing purity of various FIV polypeptides; and 

Fig. 5 is the nucleic acid sequence, and 
coresponding arr.ino acid sequence, of various portions cf 
cioned FIV nucleic acid. 
Ar.tioer.ic FIV Polypeptides 

FIV polypeptide antigens useful in this 
invention are generally described above. Polypeptides 
useful in this invention may be purified from virus 
isolated as described below £r .d fragments cf the 
purified polypeptides isolated by enzymatic treatment or 
.ether standard procedures. Further, the polypeptides 
may be synthesized by standard in vitro expression 
systems in which DKA encoding for the FIV coivpeot-o < s 
cicned and expressed tr. a oacterial. yeast. :r mammalian 
ce.i expression system. Such UNA may be isolated a-.- 5 
expressed as described beicv. The polypeptides mav-'Ilso 
be synthesized by standard chemical methods, for 
example, the polypeptide segments cf various FIV 
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polypeptides giver, below can be synthesized . , In the 
following example FIV polypeptides were obtained 
directly from FIV-infected cells and took the form of 
polypeptides naturally occurring in an FIV virus 
particle. This example is not limiting to the present 
invention, and those skilled in the art will recognize 
the many alternative methods for obtaining polypeptides 
of this invention. The polypeptides are referred to 
according to molecular weight, thus a polypeptide of 
3 01O is termed p3 0 , and a glycoprotein of this weicht is 
termed gp3 0 . 

Master seed virus producing cultures were 
cotamec in the fcrm of a continuous feline cell line 
infected with FIV isolate S2427 '(CRFK-FIV or Petaiuma 
15 strain) f rem Dr. Neils. Pederson (Universitv of 

California, Davis, California). The parent cell line is 
Crandell feline kidney cell persistently infected with 
FIV. The ceil line was deposited with the American Type 
Culture Collection on July 13, 1988 and assigned the 
20 number CRL9761. Applicants and their assignees 

acknowledge their responsibility to replace this culture 
should it die before the end of the term of a patent 
issued hereon, 5 years after the last request for a 
culture, or 30 years, \iicnever is the longer, and its 
responsibility to notify tne depository of the issuance 
of such a patent, at which time the deposit will be 
made irrevocably available to the oublic. Unt 4 1 that 
time the deposit will be mace available to the 
Commissioner of Patents under the terms of 37 C.F.R. 
§1-14 and 35 U.S. C. 5112 . 

Other virus cultures car. he cctair.ee as 
described by both Pederscn et al. references, suora, or 
by Harbcur et al., 122 The Veterinary ?.ecord 84, 1988. 
Seed stocks of virus producing cell cultures were 
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obtained by freeze-downs cf FIV-ir.f ected master seed 
cell cultures following a- least 19 post infection 
passages in culture. Additional seed stocks' of virus 
producing cultures were obtained by either infection cf 
the continuous feline cell culture with FIV master seed 
virus or by single cell microwell cloning of high level 
FIV producers from the original FIV infected master seli 
cell culture. Fcr prcpogaticn, master seed virus 
infected feline cell cultures were inoculated into 
tissue cell culture flasks. Following growth to a 
confluent monolayer cf cells, tissue culture fluid was 
harvested at intervals of 2-5 days. 

Working seed virus was produced by crcoccaticn 
by the master seed cell line permanently i.-f ected'with 
?iv. Ar. inoculum was added to tissue culture flasks — 
Dulbecco-s Modified Eagles medium containing 2 mM 
L-glutamine and * . 5 g per liter/glucose (DME) container- 
100 units rer ml. penicillin and streptomycin and 2 m* ' 
glut amine. An inoculum was added to tissue culture 
flasks, incubated, and the spent tissue culture fluid 
harvested when the ce.ils were grown, to confluence. The 
ce.ls were released fro- the culture vessel with 
«ypsir./SDTA and 'diluted between 1:5 and 1:25 (tvrically 
1:8) in medium. Typically the flasks were incubated at' 
36«C-38°C for a maximum of 7 days (between 3 and 7 days) 
before fluid and cell harvest. The harvested fluid. ' 
including cell material, was centrifuges in a hich speed 
centrifuge (Sorval RC-53 cr Eeck-an J2-21) leadinr to 
separation cf supernatant and cell pellet material." Th= 
cell pellet was discarded, and the supernatant culture 
fiuid used to prepare working virus. The clarified 
supernatant was made C.5 >: in N'aCl and i%-lQ\ (usuallv 
7%) in* polyethylene glycol (?IC S0Q0, Sigma). 



overnight incubation at 2 o :-7°c 



v 



; — 



'■is was peile-ed (at 
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13.000 x g fcr 30 mir..) and resusper.aed ir. buffer (10 ksM 
Tris. pH 7.6 300 rr.M NaCl, lmM EDTA. at 2°C-7"C) . After 
overhigh- incubation the virus was centrifuged at 13.000 
x g fcr 15 mir.., the pellet discarded and the 
supernatant cer.trifuced cn a 50V80*, discontinuous 
glycerol step gradient in 10 mtt Tris 300 rcM NaCl. 1 mM 
EDTA at ?H 7.6. Cer.tr if ugat ion was at 100,000 x g fcr 3 
hrs. at 4°C and the FIV viral band at the 50%-80* 
interface collected. The band was suspended in 10 rr.M 
Tris. 0.3 M NaCl and 1 nuM IDTA and diluted 1:3 ir. the 
buffer and repel leted at 100,000 x c fcr 1 nr. The 
resulting pellet was purified virus and was resuspenced 
in the above buffs- and stored at -70'C. The resulting 
virus was substantially free frcm FIV host cell rroteins 
and was composed of at least 5% p26 (the major 
nucleocapsid protein, as measured by densitonetr ic scans 
cf Ccmmassie 51ue 250 stained SDS/P.-.GZ as total • 
protein) . 

Such purified virus may be obtained by ether 
techniques, however, applicants have found that high 
molecular weight contaminants present in virus 
preparations may be ' el iminated by use of the hich salt 
(i.e., greater than physiological range salt 
concentration) used in the gradient cer.tr if ugat ion 
25 procedure. 

Referring tc Fig. l. polypeptides associated 
with purified FIV were analyzed by SOS/PACE and compared 
with polypeptides isolated in an identical mar.r.-r from 
the spent culture medium cf uninfected cells. Analysis 
33 cf the Corn-ass ie Blue stained gels revealed three major 

polypeptides with molecular weights cf aocut 10, 15, and 
26 kD. r.a.-ed plo. pl5 and ? 25 . respectively. 

When an T ZS.-. test was por formed usmo 
disrupted FIV to identify cats possessing polyclonal 
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■ ::oce: lulose . 
30% calf se: urn , 1% bovine sere:, aihumi: 



antibody tc FIV polypeptides, and Western blot analysis 
then performed on feline sera determined to be positive 
oy ILISA, each of the cats had antibodies which reacted 
with one cr more polypeptides cf molecular weight plO. 
15, 25, 40 and 65 kD under the conditions used. 

Referring to Fig. 2, a standard Western immuno 
blot was performed as described by Towbin et al . , 76 
Prcc. Natl. Acad. Sci USA 4350, 1979. Briefly, FTV was 
disrupted with SOS : nd proteins transferred tc a sheet 

Che nitrocellulose sheet was blocked 

( 3SA ) , and 

0.05% Tween 20 in Dulbecco s phosphate buffer saline. 
The sheets were cut into 0 . 5 cm strips and incubated 
with a 1:100 dilution of serum sample in bicckine buffer 
for 2 hrs. for 20-22°C. Strips were reoeatedly washed 
with washing buffer (0.05% Tween 2C in Dulbecco s 
pnospnate buffer saline) and then incubated with a 
second antibody (specific for feline heaw and lich~ 
cnain Ig) horseradish peroxidase conjugate (obtained 
from Kirkguard and Perry Laboratories Inc. Ga i ther sburc , 
MD). After 1 hr . incubation, the strips were repeatedlv 
washed with washing buffer and incubated with the 
precipitating substrate 4-chicronaphthol for 10 min. 
The strips were partia: ly dried and the results 
inte -preted immediately. The serum in each cf the lanes 
A-G was obtains; frci various cats infected with FIV. 
P.ecominant crcss-re ict ivity is detected with o26 a^^ 
pl5 and tc a lesser extent with pic. Other proteins cf 
22, 4 0, 47 and 65 kD molecular weich: 



are also 



at 



Certain viral polypeptides, such as the 
(e.g.. p2£) antigenic polypeptides, are abundant in 
punned viral preparations, otners such as the vir; 
envelope polypeptides (e.g.. gpl30) tend to be lost 
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during viral purification, and elect rctransfer less 

efficiently for Western blot analysis than the aaa 

antigens. Therefore, in order to more readily detect 

the viral envelope ( er.v ) and the caa precurser 

5 poivDert ides , FX V cell extracts were labeled with 

35. ... 

s-metnionme anc cysteine and examined by 

immunoprecipitaticn (RI?A). Confluent cultures cf cells 

infected with FIV were incubated for 30 min. in 

methionine and cys teine-f ree Duibecco s modified Facie* s 

10 medium. The cell cultures were then incubated for 4 

hrs. in 3 mi cf the same medium ccntaininc 100 

microCuries oer ml cf ~~S-methicr.ir° and 
35. " " 

^-cysteine (speciric activity 1200 Curies oer mM, 

New England Nuclear Corporation. Boston, MA). The 

15 r-adioa. -;i ve tissue culture fluids were removed and the 

cells lysed with 5 mi of 10 m.M sodium phosphate buffer 
?H 7.5 containing 100 m* MaCl, l\ Triton X 100, Q.zh 
sodium deoxychclate , 0 . 1 < SDS , 0 . ImM 
phenyimethyisulf onylf lucrice , and 100 Kallikren " 

20 inactivator units of aprctenin per mi. (Siama Chemical 

Co., St. Louis, MO). Before use, the cell lysates were 
clarified by centr if ugaticn 100,000 x g for 30 min. and 
the pellet discarded. Aiicucts of the labelled ceil 
lysates (0.1 ml) and 5 ui of serum being tested were 

25 mixed in a microcentrifuge tube and incubated for 1 hr . 

at 3 7°C and then overnight "at 4 °C . The next day, 0.2 ml 
of a 5% suspension of protein A Sepharcse Cl-4 3 beads 
(Pharmacia, Piscatavay, Y>Z) in 10 m.M cf phcschate 
buffer, pH 7.5 containing 100 mr' NaCl . ih Triton X-100 

30 and SD5 was added to each tube and mixed for 30 

mm. at 4°C. The ant ibcdy/antigen complexes bound tc 
tne prctem A Sep h arose heads were collected bv 
centr if ugat ion (2 mm. az 20 ,000 x c) and washed 3 times 
m ivsmg huffer. The final pellet was resustended in 
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25 ui SDS/PAGI loading buffer and heated and 100°C for 
3 minutes. The Sepharose beads were removed by 
cer.trifugation and the supernatant applied to a PAGE. 
Gels were processed for fluorography usinc 

5 enlightening™ (New England Nucl-ar" Corporation. 

Boston, MA) and exposed at -70" to Kodak XR-5 film. 
Sera from experimentally infected cats recocr.ize 
polypeptides of 15. 22. 35. 40, 47. Ho and" 130 kD. 
Although there were some quantitative and sua! it i ta- ve 

10 differences all cats appear to rr.our.t a response to o22 . 

gp4 0, cp-4 7 ar.c gpl3 0. 

in order to etermine which cf the pciypectices 
icer.tified by R1?A-?AGI analysis were related to the 
major internal structural protein , p26. *:?A-?ACI 
15 analysis was carried out using monoclonal antibodies 

which reacted with ?26 as determined by Western 
blotting. This ir.cr.ocior.ai immur.oorecipited croteir.s 
?47. ?36, ? 22 and plE. High molecular" veioht 
polypeptides (130 kD) of FIV which were not detected bv 
tne ?26 specific mcnccicnai antibody, were identified by 
R:?A-?AGZ. a protein of molecular weicht 100 kD was 
also detectable utilizing serum antibodies obtained from 
sorr.e infected cats. 

In another example, antigenic g:yc:ooettices of 
FIV can be obtained as follows. Actively growing CRFK 
FT1V infected cells were scraped from roller bottles," 
gently washed with phosphate-buff ered saline (°3S> a -d 
pelleted. The cell pellet was gently resusrended in 10 
rr.M sodium phosphate. ?H 7.2. at a ratio cf- 1 mi buffer 
-= CI mi cf cell pellet. This suspension was i-cuba-d 
or. ice or refrigera-c for 5-10 mir... vigcrcusiv vertex 
*ixsd for 30 seconds, and four volumes cf ?3S vi-^ 
PKS? added. The mixture was then viccrcusiv homer- = , 
for 90-120 seconds vitn a Brinxmann Hcmoceniter FT10/2- 
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with a PTA 20 generator. 

The resulting homogenate was clarified for 20 
minutes at 5.0 00 x z. The supernatant fraction was 
discarded and the cell membrane* pellet resuspende:? in 
PBS T 0.2% Triton X-100 at a ratio of 2.5 ml buffer to 
0.1 mi original cell pellet. The mixture was then 
vigorous iy homogenized fcr 9 0-120 seconds with a 
Brinkmar.n Homoger.izer ?T 10/35 with a PTA 20 generator. 
The, resulting homcger.ate was clarified at 100.000 x g 
for 1 nr.- the supernatant decanted off and batch bound 
overnight at 20-23°C cn Pharmacia Lentil Lectin 
Sepharcse 43 at a ratio c: 6 r.i cf resin tc 5 mi of 
original cell relist. 

me _er.ti- Lectin Suspension was poured through 
a column... the resin collected, and washed with 15 column 
volumes cf PBS - 0.2°, Triton X-100. The glycoproteins 

c._ e___e_ »r.e resm oy suonectmg the resin 

to 5-10 column vclum.es o: ? = s -r 0.2% Triton X-100 - 200 
mM methyl- a-D mannopy ranos ice . collecting fractions of 
1 column volume/ tube . 

The isolation of glycoproteins was verified by 
9% SOS-PACE eiectrophorisis. and checked using 

^-radiolabeled ceil preparations in conjunction with 
RI?A data. 

Further purification of viral glycoprotein from 
host cell glycoprotein includes use of KPLC. or cf a 

polyclonal or monoclonal antibody for affinity 

c r* r o rr» c ~ c c r e - h v . 

~x arr.c , e 1. : c a z ?c _ vrgc" ide ?*j r ^ ~ica~^on 

Isolated virus { 2 5 G - 3 0 0 rr.icrc 
c cntt: ir.tc wit r. t vc v z I u.*?. 9 s 2 z 6 M z u a ; z 
?H 3 (ad:us:e: v— 2 D\ tnrlucro acid 

water). ^h* 3 — v - ; 

_ v.as /w..t:Aec anc ir.cucatec a 

37°C-40°C in a water ra:r. fcr 20-25 minutes. The 



iters) was 

r.e r.ycrccr.lcr ice 

c acid in 
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incubated solution was filters:; through a pre-vetted 
(100 microliters cf 6M cuar.idine hydrochloride. pH 3) 
0.45 micron gel acuadisk filter (No. 4184) and the 
filter rinsed with loo microliters of 6M cuar.idine 
hydrochloride pH 3. The filtered sample was loaded cnto 
an K?1C column fcr purification. 

The K?LC system consisted of a 3eckman H?LC 
having three 110V pumps. a 421 controller, a 166 
variable wavelength detector, a 427 integrator, a 210A 
inject— with dynamic mixer, and a 1000 microliter 
sa.-r.pie. The column was a Waters radial compression 
cartridge held in an RCK-loo column, holder with a 
modified inlet connector (Waters Micrc3cnd-A-?a> Fer.ile 
10 >!U e mm :< 10 c- cartridge No. 85722 with a zuard pa : < 
15 resolve CN cartridge. Mo. 85S26). The systerr. was set 

such that two levers were compressed and the pressure 
'•' £S -he mid-yellow zone. 

Purification was by a rr.uit i-steo Gradient from 
aqueous 0.1% tr if iuoroacetic acid (v/v solvent A) to 
20 aceto nitrol containing 0.1% trif iuoroacetic acid (v/v, 

solvent 3) . 

Fractions were collected and condensed bv a 
Savant Speed Vac to remcve all solvents to a final 
volume ranging from 50-100 microliters. The condensed 
fractions where neutralized by addition of 200-300 
microliters of 50 m.M or 100 «r„M sodium ohcsohate buffer 
PH 7.2. The buffered fraction pHs were then checke" 
with pH paper and, if the pH was still below 6 . 1N NaOK 
acced until the pH was brought within the ranee cf 
:> 6.5-7.5. The neutralized fractions were frozen at -20°C 

until use. 
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:r.e printout from an H?LC 
column described above is shown. The flow rate was at : 
per minute starting with 100% o: solvent A. After i! 
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min. the solvent was changed :o contain 26% solvent 3. 
10 min. later to 31% solvent 3. 12 min. later to 37.5% 
solvent 3, 5 min. later to 40% solvent 3. 6 rain, later 
to 43% solvent 3, 8 min. later ^o 45% solvent 3. 15 rain, 
later to 60% solvent, and 20 min. later to 100% solvent 
3. ?eaks corresponding to plO, pis, and p26 are 
indicated in Fig. 3. Fractions containing these peaks 
were collected. 

Referring tc Fig. 4. fractions corresponding to 
?10, pis and p25 were run in an SDS-polyacrylamice gel 
containing 15% bis-acryiamide at 70V. The ael was 
stained with silver using a 3:orad Silver Staining Kit 
161-0443. The isolated fractions corresponding to pl5, 
?10. and p25 were essentially homogeneous solutions of 
the FIV polypeptides. 

The isolated FIV polypeptides were analyzed by 
standard technique fcr their amine acid sequence, 
yielding the following results (? indicates uncertainty 
in the actual amino acid, or no knowledge at all). 
226 

Number 1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-16-17-18-19-20 
Amino 

Acid ?---Q-r_ v _ N _ G . v _ ? _ Q _ v _ v _ A _ L _ D _ ? _ „_ M _ v _ s 
olO 

Number 1-2-3-4-5-6-7-8-9-1 0-1 1-12-13-14-15-16-1 7-1 8-19- 
Amino 

Acid V-O-S-R-G-S-G-F-V- C- F- N'- C- K- K- ?- G- H- L- 
Number 20-21-22-23-24 
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In order to determine if the purified 
polypeptide is useful in this invention, that is, 
whether the polypeptide is antigenic, any standard 
procedure can be used. For example an ILISA test can be 
performed using a polyclonal antibody from cat serum tc 
determine whether the polypeptide is cross-reactive. 
Alternatively, the polypeptide can be injected with or 
without an adjuvant, into an animal, 3.g., a mouse, to 
determine if it causes antibodies to be raised to it. 
These polypeptides are useful for production of vaccines 
to prevent FIV-caused disease symptoms and FIV infection 
in cats. These vaccines are produced by standard 
procedure. Preferably the cac or env polypeptides are 
provided in a standard inoculation medium and injected 
intravenously, intrarterialiy or otherwise into a cat at 
a level of 1-100 ug/kg animal at intervals cf 3-4 
weeks until immunity to FIV is produced. 
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•Antibodies to FIV pc iypept ides are useful aids 
for i cent i f i c a 1 1 on of a purified ooivoectice (as 
described above), and' for purifying poiyt>ett ides . Thev 
are also useful to determine the antigenicity of any 
polypeptide. An example of preparation cf useful 
antibodies fellows. These antibodies are monoclonal 
antibodies which allow specific detection and 
purification of either individual or a small number of 
FIV polypeptides. 

3aib/CJ (Jacicscn labs) mice were immunized wit: 
an initial injection of 50 micrograms cf FIV virus 
(prepared as described above) ter mouse mixed 1:1 with 
Difcc 5acto adjuvant complete. After two weeks a 
booster injection of 100 micrograms cf FIV virus was 
injected into each mouse int ravenous iv without 
act uv ant . Three days after the booster i niece ion a 
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fusicr. was performed with mouse myeloma cell lines FO or 
p3X63-Ag8 . 633 . Mid log phase myeloma iir.es were 
harvested or. the day of fusion and checked for 
viacility. The ceils were spun at 300 x g for 8 min.. 
5 " separated from the growth medium, and resusoended in 

serum free DKE. 

For fusion. -an FIV-inocuiated mouse was killed 
by cervical dislocation and the spleen aseptically 
removed. The spleer. was washed three times in serum 

10 fres Dy ~ and Placed in a sterile Petri dish containing 

20 mis c: complete medium (DMZ con:aining 20% bovine 
fe-E. seru.-, 100 units per ml. cf oericiiiin and 
streptomycin, and 1 mi-t sodium pyruvate). To release 
ceils, -he spiesr. was perfused with a 23 rauce needle. 

15 Cells were placed in a 50 mi conical cer.tr i fuce 

tune and pelleted at 300 x g for 8 min. The oel let 
resuspended in 5 mi of C. 17>* ammonium chloride and 
placed on ice for S mm. 5 mi of bovine fetal serum 
(20U was added and the cells pelleted again at : 3:o x g 

20 ^ for 8 mi "- After resusper.sion -in 10 ml DM! the ceils 

■were counted and the spleen and myeloma cells mixed in a 
ratio of 3:1. The cell mixture was pelleted at 200 x g 
for 10 minutes, the supernatant decanted, and the pellet 
allowed to stand for 5 min. Over a period of 1 min.. 1 

25 ml of 50% PEG (PEG 1500 mixed 1:1 with Hepes pK 8.1) at 

37°C was added. After 1 min. incubation at 37 8 C. 1 ml 
of DKZ was added over a period of another 1 min. and 
then a second 1 mi of serum free medium added over a 
period of 1 min. Finally, io mis of DMZ was added ove- 

30 ~ a Period cf 2 min.. :,e cells pelleted at 200 x g for 8 

-trs«- r r — _ r. c:.?.c.9:e me ci urr. 



ccr^d;:.;:: C.G16 try. z r. \tt. : 2 : e . 0.1 r:}' ;- v - 0 -.------ 

rr.icrcrr.olar ami-op-er i- , a~z lo% hycric 

(1 x HAT). Tne cells were plated ir.zo 96-vell -lares. 



e , 0 . 

a c.cr.::.: - :ac: 
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:er 3, 5 and 7 days half of the medium ir. the 



usicr. plates was removed and replaced with fresh 



x 



After 1,1 days the hybridcma cell supernatant vas 

screened by an ILISA test. - -In this test. 96 well plates 

were coated with FIV virus by standard technique. One 

hundred microliters of supernatant from each well was 

added to a corresponding veil on a screening plate and 

incubated for 1 hr . at 20-22°C. After ir.cubat icn . each 

well was washed three tines with distilled water and 100 

microliters cf a horseradish peroridide con ; u3ate of 

goat ar.ti-rnouse IcG ( H ~ L) , A , M ( 1:1500 dilution) was 

added to each well and incubated for 1 hr . at 20-22 °C . 

After three washes with distilled water, the substrate 

OPD/hydrcger. per::xice was added and incubation continued 

15 f = r five to fifteen minutes. One hundred microliters cf 

* stop solution (1 y. hydrochloric acid) was then added 

anc the absorbar.ce at 490 nm read. Cultures which had 

ar. optical density reading greater than the control 

wells were removed to 2 err. 2 culture dishes, with the 

acciticn cf normal mouse spleen cells in 1 x KT medium. 

After a further three days all of the 2 cn 2 cultures 

were rescreened ' f cr antibody and those testing positive 

again were cloned by limiting dilution. The cells in 

each 2 cm cuiture^were counted and cell concentration 

25 adjusted to 1 x 10 5 cells per ml. The cells were 

diluted in complete medium and normal mouse spleen cells 

at concentrations cf hybridoma cells of 5. 10 and 50 

cells per ml added. The ceils were plated into 95-well 

plates for each dilution. After 10 days the cionino 

elates were s ~ ~ = •= ~ n * '->. --7> --• 

... _ w _ .-.oc__ j /', o; a_. we. is 

snowec growtn. The gr evir.-pos i - i •„-= wells were screened 

fcr antibody and these testi." positive exranded to 2 

cm cultures and provided with normal mouse soleen 

ceils. The cior.inr procedure was reoeated 2 - ; -= 3 



* wO>\» Ui^JU 



a stable antibody-producing hybridoma was obtained. At 
this poir.t the ceil culture was expanded from 2 to 9 to 
75 to 150 cm culture vessels, at which poir.t ascite 
production could be commenced . 
5 For ascites production, pristane primed IRCFl 

femaie mice were used. 0.5 ml of pristane was injected 
intraperitoneal ly (I?) to each mouse, and the mouse 
allowed to rest for 10-60 cays. At this time 4.5 x 
10 cells were injected I? into each mouse and ascites 
10 formed in 7-14 days. Ascites fluid was harvested with a 

pasteur pipette through a hole in the peritoneum. 

Antibodies to glycoproteins can also be 
isclated and detected. In particular, antibodies tc two. 
glycoproteins of molecular weight 40 kD (gp4C) and 130 
15 lO (cp!30) which are detected using PAGE and RI?A 

respect i ve Iv . 

Monoclonals useful in this invention for 
purification and identification of specific polypeptides 
of FIV include those which are specific for FIV and form 
2C a sufficiently strong interaticn with an FIV epitope, 

and an FIV antigen, to be useful in an immunoassay, for 
example, an FLISA, to detect an FIV antigen. In crder 
to determine which of the above monoclonal antibodies 
are useful in this invention one main test was used. 
25 This entailed determination cf whether the monoclonal 

antibody can bind FIV antigen and be detected with a 
conjugate of polyclonal antibody to FIV (an el ISA test, 
describee above) . 

-Another test is tc perform a Western blot to 
determine whether the monoclonal antibody has good- 
reactivity with one or more FIV antigens. Generally, 
tnese monoclonals which show peer reactivitv, that is, 
produce faint bands or. the w-:tterr. blot, are not 
suitable in this invention. Y e - a - = - her - lnvclves 
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r ad icimmur.oprecipitat ion assay (RIPA) where 7IV virus 
labeled with 35 S-methionine is reacted with a 
mo.-.c clonal antibody to form within immur.coreciDitate . 
and the immur.oprecipitate run in a SDS-PAGI and 
autoradiocraphed to detect the labelled proteins. This 
analysis determines which of the monoclonal antibodies 
is able to detect precursor 71V antigenic polypeptides 
and net just mature polypeptides. 
Ar.t ibocv Detection 

The above antigenic polypeptides can be used to 
detect naturally occurring antibodies zzzzucez bv cats. 
Such detection can be any standard itr.-nur.oas say 
procedure, fcr exar.pl e. by an I1ISA test, as described 
above. One example of such a test fcliovs. This 
exar.pl e is net limiting to the present invention and 
these skilled in the art will recognize that any of mar.v 
ctner standard procedures can be used. 
Exar.ol e 2: Ar.t ibocv assav 

Materials required to perform, this assay 

strips coated 
a solution containing the appropriate test anticen 
ve.g.. ? 26, pis. or plO). The test wells were coated 
v:t.-. lOOui of a solution containing 0.15 micrograms 
antigen in 0.25 molar sodium citrate, pH 7.5. The wells 
were covered with parafilm, incubated overnight at 4°C, 
and tapped until dry. The antigen was then overcoated 
by adding 200ul 1% BSA in 0.25 molar sodium citrate, 
mcvoa t :r.g at rccm temperature ( 20-25 °C) for 1 hou- a-' 5 
tapping the wells dry. 200 microliters of 7.5% sucrose 
m 0.25 mclar scdiur. citrate vas then added zz each -well 
anc incubated at roc- temperature fcr 33 minutes. The 
resulting strips were used immediately. :: dried ur.de- 
vacu urn for 6 hours at room temperature fcr later use. 
Assays were oerfcrmed bv add ; - z ioo ■■" ~ - 



20 include S6 well flat bottom microtit 
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feline serum sample (positive control, negative control, 
or rest sera) diluted 1 to 100 in Dulbecco s ?3S 
containing 0.1% Bovine serum albumin, 30% calf serum, 
and 0.05% Tween-20 (Sigma Chemical, St. Louis, MO) to a 
well, incubating at room temperature for 30 minutes, and 
tapping the well dry. The wells were washed immediately 
two times with Dulbecco' s ?3S containing 0.05% Tween-20, 
tapping the wells dry after the second wash. 

100 pi cf a solution containing antibodies to 
feline immunoglobulin was then added. These antibodies 
were conjugated to an indicator enzyme ( e . c . alkaline 
phosphatase) and then dissolved in a solution cf 50% 
fetal calf serum, 0.05% Tveen-20 in 0.05M Tris-KCl. cK 
7.6.' The wells were incubated at room temperature for 30 
minutes, tapped dry, and then washed two times with 
Dulbecco s ?3S containing 0.05% Tween-20. 

A solution containing 0,1% 3, 3', 5, 5* 
Tetramethylbenzidene in ;o% Glycerol and 50% methanol 
was mixed with an equal volume of a solution cent ammo 
22.82 grams dibasic potassium phosphate, 19.2 crams 
citric acid and 1.34 milliliters 30% hydrogen peroxide 
Solution per liter. One hundred microliters of this 
solution was added to each well, and then incubated at 
room temperature for 15 minutes. At the end of the 
incubation period, lOOul of 0.25% hydrofluoric acid 
was added to each well. The optical density at 650 
nanometer of the solution in each well was then 
determined with a microtiter plate reader. An immune 
response to plO , pis and p26 was detectable either 
3 ^ follovinc s:;re:*r-i:a : ; n o - — ~ ~ ~- ~ , . , . _ , 

-.1 a _ w.. w*. a Cciw a . . r_v, Cr 

m feime sera possessing antibodies to FIV. 
"V i:uc:e:c Acid 

FIV nucleic acid is useful for rroduction of 
large amounts of FIV polypeptides, or frarments thereof, 
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and also for detection of homologous nucleic acid in 
vivo, using standard techniques. There follows an 
example of cloning of FIV viral, DNA . The specific FIV 
strain chosen is net meant -co be limitinc in this 
invention and those skilled in the art will recognize 
that equivalent nucleic acid may be isolated by use of 
the cloned sequences which are provided as specific 
deposits, or by techniques similar to those described in 
this example. 

A Crandal feline kidney cell line productively 
infected with FIV strain 2423 (Pentaiuma isolate) was 
used as a source of unintegrated viral DNA. The 
unintegrated viral DNA was prepared by Hirt extraction 
and CsCl-ethidium bromide centr if ugat icn to resolve 
linear and supercciied viral DNA . (Hirt, 26 Z Mcl. 
3iol. 365, 1967; Canaani et ai . , 282 Nature 378, 1979). 

The supercoiied viral DNA was used to construct 
libraries which contain overlapping viral DNA 
sequences. The procedures used to construct zhese 
libraries were similar to those described by Maniatis et 
al., Molecular Cloning, A Laboratory Manual, Cold Spring 
Harbor lab, Cold Spring Harbor, N . Y . ) and Glover, DNA 
Cloning, Vol, 1, A Practical Approach, IRL Press, 
Washington. DC) and are familiar to those of ordinary 
skill in the art. 

Two viral DNA libraries were generated bv 
cleavage of supercciied viral DNA by one cf two 
restriction endenucieases . Partial cleavage by the 
restriction endenue lease P^sal, which recognizes the DNA 
sequence' 5' G TAG 2', or cieavace bv the restriction 
endcnuclease Ha_=:::. which recognizes the DNA sequence 
5 " GGCC3 , cf the supercoiied viral DNA generates two 
sets of blunt-ended DNA molecules whose sequences 
overlap. The blunt-ended DNA molecules were then 
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treated with Eco RI methylase, according to the 
manufacturer's directions, to modify the 3' adenine 
residue cf the Eco RI recognition sequence 5 '-GAATCC-3 ' . 
ttethylaticn at this site inhibits the cleavage of 

5 treated DNA by the restriction endonuclease EcoRI. The 

methylated DNA molecules were then ligated to -linker DNA 
molecules which contained a cleavage site for the 
restriction endonuclease EcoRI. The linker containing 
DNA molecules were then treated with the restriction 

10 endonuclease Eco RI to generate molecules whose termini 

were compatible with the Zco F.Z cloning site in the 
recombinant DNA phage vector \ ZAP'" (Stratagene. La 
Jclla, California). Linker fragments resultinc from 
this cleavage were separated from the large DNA 

15 molecules by size separation on a cuickspin column 

(3oehringer, Mannheim, Indianapolis, IN) . The DNA 
molecules were then ligated into the EcoRI cleaved a 
ZA? vector using T4 DNA iigase (New England 3iolabs, 
3everly, MA). Ligated DNA molecules were then " packaged 

20 into phage using Gigapack gold (Stratagene, La Jol la , 

California) . Viable phage from the packaging reaction 
were then amplified by infecting 334 ceils (Stratagene) 
and harvesting plate lysates cf those infected cells in 
order to obtain a stock of recombinant \ZkP clones. 

25 Because the insert DNA cf the recombinant 

XZA? clones contain host cellular DNA as well as FIV 
prcviral DNA sequences, it was necessary to screen each 
library with an FIV DNA probe that contains a readily 
detect Able label. Such a probe was made from RNA 

30 isolated from ?iv. A radioactive complementary DNA was 

synthesized from total viral RNA essentially as 
described by Maniatis et al. 1922. surra except that 
selection cf poly A-ccntammg RNA was not performed, 
and meth— ercuric hydroxide was omitted from the 
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protocol . 

The bacteriophage libraries were plated at a 
density of 10,000 bacteriophage per 150 mm dish. They 
were then screened by hybridization of the r adioact ivelv 

5 labeled probe to phage DMA which was immobilized on 

nitrocellulose filters (Maniatis, et al . , 1982 supra ) . 
Each hybridizing bacteriophage plaque was then picked, 
replated, and hybridized as described, until a single 
well wa:: isolated which contained a aZA? recombinant 

10 clone. ::L-l-31ue ceils (Stratagene) were then infected 

with recombinant XZA? phage, and plasties containing 
the insert DKA were obtained follovinc superinfection 
with R408 helper phag? according to the manufacturer s 
directions (Stratagene, La Jclia , California). This 

15 procedure also provides both recombinant plasmids (which 

can be isolated from the cell) and sincie stranded rhace 
stock which can be isolated from the medium for DMA 
sequence analysis . 

The above recombinant plasmids were anaivzed 

20 fcr - n serts by preparing piasmid DMAs from overnicht 

culture of bacteria replicating these plasmids as 
follows. One and one half ml. of an overnicht culture 
was placed in a microcentrifuge tube and spun for four 
minutes at 4000xg. The supernatant was removed and the 

?5 tube respun for four minutes at 4000xg. The supernatant 

was removed and the tube respun for a few seconds, and 
residual liquid removed carefully with a pasteur pipet. 
The bacterial pellet was then thoroughtly resuscenced in 
200 microliters of a solution contaiing BS sucrose, 50 

l.j rtm IDT A , 5s Triton X-100 and 5 0 Tris/KIl, pK 8.05. 

20 microliters cf a iysczeme solution at a concentration 
cf 10 milligrams lysozyme per milliliter in 10 
r^illimolar Tris/HCl, pH 8 and one miliimoiar ZDTA was 
then added, mixed, and the mixture was incubated 



at 4°C 
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for 15 minutes. The solution containing bacteria was 
then placed in a boiling water bath for 90 seconds. The 
mixture was chilled on ice, and spun in a microfuge in 
the cold for 10 minutes at -11,000 xg. The seller was 
carefully removed with a glass pipet. Ice cold 
isopropanol (200 microliters) was then added, the 
solution thoroughly mixed, and incubated at -20°C for 5 
minutes. The chiiiec solution was centrifuged at -20°C 
at 11,000 xg for 10 minutes to pellet the plasmid DNA. 
The supernatant was carefully removed and the pelleted 
DNA briefly air dried. The DNA pellet was then 
dissolved in 100 microliters of sterile double distilled 
water. Plasmid DNAs thus isolated were aniayzed for 
inserts by restriction enconuc lease cieavace and 
electrophoresis in 0.8% agarose gels. (Manias is et al., 
1982 surra) . 

Standard cidecxy sequence analysis was 
performed on the recombinant DNA containing clones. 
Single stranded phage were isolated from the media used 
to propagate cells containing the biuescript plasmid 
using the method generally described in the M13 c : deoxy : 
sequencing manual published by Bethesda Research 
Laboratories ( Gaithersburg, Maryland). A number of 
clones were sequenced and analyzed by this method. 
Sequence information for clones termed 10CX, 2BY. and 
R5X is presented in Figure 5a, b, and c along with the 
putative translated amino acid sequence for each clone. 
These ammo acid sequences show homology vith the amino 
acid sequence of the envelope gene of equine infectious 
anemia virus, a ier.tivirus. immunological ly closely 
related to FI v. 

Nucleic acid rrooes derived from tne 23? DNA 
sequence hybridize to DNA isolated from FIV infected but 
not uninfected ceils. These probes car. be used to 
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isolate other JIV genes from other strains 'and can be 
expressed by standard procedures to provide the purified 
polypeptides described above. 
Pecos it - - 

5 Strains iOCX, 234 and R5X have been deposited 

with the ATCC and assigned numbers 67937, 6793S, and 
67939, respectively. 

Applicants' and their assignees acknowledge 
their responsibility to replace these cultures should 
10 they die before the end cf the term of a* patent issued 

hereon, 5 years after the last request for a culture , or 
30 years, whichever is the longer, and its 
responsibility to notify the depository of the issuance- 
or such a patent, at which time the reocsits will be 
1 5 made irrevocably available to the oublic. Un^- ; * -"-*a- 

time the deposits will be mace available to tne 
Commissioner of Patents under the terms cf 37 CFR 
Section 1-14 and 35 USC Section 112. 

Other embodiments are wichin the feiiewmc 

2 0 claims . 
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Claims 

1. A purified polypeptide comprising an 
epitope of an antigenic polypeptide of FIV, 

2. The purified polypeptide of claim 1, said 
peptide comprising an epitope of a cao or env 
polypeptide of FI V . 

3. The purified polypeptide cf claim 2 wherein 
said polypeptide comprises a polvoectide havinc at least 
75\ homology to said cac or env oolvoect ide . 

4. The purified polypeptide cf claim 3 .wherein 
said polypeptide comprises a cac or env colvr>ectide of 
FIV. 

5. The purified polypeptide cf claim 2, 3, or 
4 wherein said polypeptide is pio, pl5 , cr ?26. 

6. The purified polypeptide of claim 2, 3 or 4 
wherein said polypeptide is gp40, cclOC, or cr>!30. 



7. A method for detecting antibody to FIV 
comprising providing purified polypeptide comprising an 
epitope of an antigenic polypeptide cf FIV, contacting 
25 said purified polypeptide with a sample comprising said 

antibody, and detecting the presence cf a complex formed 
between said polypeptide and said ar.tibcdv. 



8. A purified nucleic acid comprising a 50 

. — ^ - . . a * _ . . a _ . e a ^ . r u -s nomoiocv wirn a 

50 nucleotide sequence naturally cccurrmc i- an FIV 
particle. 
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9. The nucleic acid c: claim 8, said nucleic 
acid encoding a polypeptide comprising an epitope of a; 
antigenic polypeptide cf FI7. 



10. The r.ucleic acid of ciain 9, said 
polypeptide comprising an epitope cf a cac or env 
pciypept ide of ' FIV . 

11. The nucleic acid cf claim 3 carried in a: 
e:<pres s i on vector . 

— '''-caused disease sym .proms in a car, comprising -he 
step cf inoculating rhe car virh a rc 1 vreor ide of 
c „ a i m _ . 



purified polypeptide com; 



ismc ren or 



ere contiguous amino acids ta':en from the secuence 

or 



V-C-F-N--C-K-K-?-C-H-l-A-?.-Q-S-H 

?-:-0-t-v-n--c--v-?-c--v-v-.-.-i-3-?-:-.-v-v-s or 

S-V-0-S-P.-3-0-C— ?-V-A-?-N. 
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IBI P'jstell Sequence Qnalysis P'rograros 
Ver 2.02 Copyright J.Pustell 1387-1333 
Men Apr 2,1383 - 2:14 PM 
rz: • — Translation Analysis of R5XCXL1 

_ 



"ro.r,?Ution of R5XCXL1 over region 1-172. 

* * * ♦ # # : ■ ♦ ♦ » „ 

GCG PCC AAC TCC COP TCG TGC GAA AAT GTA TTC TCG PGT NPC CTG CCR dot 
CGC TGG TTG AGG GTT RGC PCG CTT TTA CRT RRG PGC TCA NTG GAC GGT TTA 
Ala Thr flsn Ser Gin Ser Cys Glu ftsn Val Phe Ser Ser Xkx Leu Pro a„) 
* * * * AUTOTRANSLATI0N OF R3XCXLl_a a a __ > 

e ° 70 a° 50 100 

* * * >♦•♦♦ * , 

GGA CRC ROC PCP GTT TGG GRR CRG GTG GTC TTT CCT CTN ACT RTT TTT Trr 

CCT GTG TTG TGT CRR PCC CTT GTC CRC CRG AAA GGA CAN TCA TAA AAA ACC 

Gly His Asn Thr Val Trp Glu Glr, Val Val Phe Pro Leu Ser lie cZZ 

* * * * AUTOTRANSLAT I ON OF RSXCXU 1 _a___* A _ a __ * > 

SI J?™ TTT NTN PGn GTG PGq fiAT TGT GTG TTG ACG TCC CTT TTT CCT TTT 
CTA GAT AAA NAM TCT CAC TCT TTA RCA CRC RAC TGC AGG GAR PA gg! IqI 
Asp Leu P*e Xx* Arg Val Arg Asn Cys Val Leu Thr Ser Leu Ph. Pro Phe> 



-* * * * AUTOTRANSLAT I ON OF R5XCXL1_* a 

1£0 170 
* * • • 

AGG GAT CTG GTC ATP T "C T 
TCC CTA GAC CACi TAT PAG A 
Ar-3 Asp L-eu Val lie Phe) 

AUTOTRANSLAT ION OF a_> 

~> 



a « > 
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•insUtion of 10CXXL3 over region 3-302. 



10 20 30 AO 50 

♦ ♦ ♦ * 

AP GPT GPP CAP GGP GTP GCP PPP PGC PPP GTC PPP GPP CTG CTP ACG TPT GTT 
TT CTP CTT GTT CCT CPT CGT TTT TCG TTT CAG TTT CTT GPC GPT TGC PTP CPP 
Asp Glu Gin Gly Val Pla Lys Ser Lys Val Lys Glu Leu Leu Thr Tyr Val) 

a a a a AUTOTRPNSLATION OF 10CXXL2_a a a _a_ _a _ > 

b b blO_b b b_20b 10CXC0N_0 b b Ib40~b _~"b b 50b~ ") 



eo 70 eo 90 100 

* ♦ * * ♦ * * * * ^ 

TTG TTG PTP CPP CTC TCP TPP PPP TPT PQP PTG PPC PCP TCG GCA PPP PTC 
PPC PPC TPT GTT GPG PGT ATT TTT ATP TTT TPC TTG TGT PGC CGT TTT TPG 
Leu Leu lie Gin Leu Ser End Lys Tyr Lys Met Asn Thr Ser Pla Lys lie) 

a a a a PUTOTRPNSLPT I ON OF 10CXXL2_a a a a a > 

b £0 b b b70_b b_ I OCXCON b b J90~~b_~_b~~_ 1 00 b~ > 



110 120 120 1A0 150 

* ♦ ♦ 

TPT CTP PCT CPT PPG TTP PCP PGG PPP CCP GTG TTG CTP CCG PTT CTP PGP 

ATP GPT TGP GTP TTC PPT TGT TCC TTT GGT CPC PPC GPT GGC TAP GPT TCT 

Tyr Leu Tnr His Lys Leu Thr Prg Lys Pro Val Leu Leu Pro lie Leu Pro) 

a a a a PUTOTRPNSLPT I ON OF 10CXXL2_a a a a a > 

bl 10b b b 120 b b_10CXC0N b bl 40b ~"b b \ZO ~b > 



1£0 170 160 130 £00 

* # * * * * * * » 

PTT CCC CTG GCT GCT CGG GPG CGC GCC CNC GGP GGG GPP TTC PGT GC 
TPP GGG GPC CGP CGP GCC CTC GGG CGG 6NG CCT CCC CTT PPG TCP CG 
lie Pro Leu AIa Ala Arg Glu Arg Ala Xxx Gly Gly Glu Phe Ser Pla) 

- a_ ^^PL-TCTRP.NSLPTIO:: OF IC^r ~ . - - - 

l£0_b b b 170b b 10CXCON_b b 1 SO_b ^ b Ib200b ) 
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Translation Analysis of 2BYCXL2 



Ution of 2BYCXL2 over region 2-162. 



10 £0 20 AO 50 

****#♦#»» # 

G GAT CCT- GAC CGG CAC CGT CCC TT6 TGC CCT CAA CTN AGC CTG TCG GGG AGA 
C CTA GGA CTG GCC GTG GCA GGG AAC ACG GGA GTT GAN TCG GAC AGC CCC TCT 
Asp Pro Asp Arg His Arg Pro Lou Cys Pro Gin Leu Ser Leu Ser Gly Arg) 

* a a AUTOTRANSLAT ION OF 2BYCXL2_a _a a a_ a ) 

<_b!60b b b ISO b b 1_2BYC0N b!20b b _b~ 120 ~b b 



60 70 
♦ * ♦ ♦ * 

CCA CTG CCC TGC TGT GGG TTC GGC GCC 
GGT GAC GGG ACG ACA CCC AAG CCG CGG 
Pro Leu Pro Cys Cys Gly Phe Gly Ala 

* a a a AUTOTRANSLAT I ON 

< 1 1 0_b b b 100b b b 9 2BYC0N 



'0 SO 100 

* * * ♦ * 

TGG AAC TTC CTG GGA CCT AAC CCT 
ACC TTG AAG GAC CCT GGA TTG GGA 
Trp Asn Phe Leu Gly Pro Asn Pr.-O 

OF 2BYCXL2_a a a a a ) 

bao_b b Ib"70b"_2& ~b 



110 120 120 

* ♦ ♦ ♦ * » 

A..'3C CCT AAG CCC TAC CCC GAA CCG GAC 
T fG GGA TTC GGG ATG GGG. CTT GGC CTG 
Asn Pro Lys Pro Tyr Pro Glu Pro Asp 

A a a a AUTOTRANSLAT I ON 

<60 b b b50_b b b_40b_23YCON 



1*0 ISO 

♦ * # * 

CCT CCC CTG AAA NCT AflC GCC TGC 
GGA GGG GAC TTT NGA TTG CGG ACG 
Pro Pro Leu Lys Xxx Asn Ala Cys) 

OF 28YCXL2_a a a _ a a ) 

20 b b —It>£02b~_~b b"lO 



160 

CTC GAT CCC 
GAG CTA GGG 
L'vj Asp Pro) 
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